We consider the decays h → γγ, γZ in the context of an extension of the standard model with two inert doublets and an additional S3 symmetry. This model has contributions for these processes through new charged scalar-loops. Comparing our h → γγ with the more precise available experimental data we can predict the behaviour of h → γZ due that they depend on the same parameters, our estimation for this channel is 1.05 times the standard model value, but can be up to 1.16 if consider the +1σ uncertainty from the h → γγ data, and down to 0.96 if consider −1σ.
In the IDM and 3HDMS 3 the production of the 125 GeV Higgs is the same as in the SM, however the decays h → γγ and h → γZ can receive corrections due to the contributions of charged scalars in loops. The phenomenology of IDM had been extensively discussed: i) in the context of DM phenomenology [12] [13] [14] [15] [16] [17] , ii) for collider phenomenology [18] [19] [20] and, iii) IDM has been also advocated to improve the naturalness idea [21] [22] [23] . However, all these references were published before the LHC data. The ratios of h → γγ and h → γZ were analyzed in the context of a general three Higgs doublet model in Ref. [24] . However these authors do not consider the case of two inert doublet and, unlike the present model, their model has arbitrary mixing matrices in the scalar sectors.
Special attention requires the h → γZ rare decay since the current first attempt of measure this channel at LHC Run 1 shed an upper limit of one order of magnitude respect to the SM prediction (R γZ = 1), see Table I . This is because the available luminosity at LHC is not sensitive enough to collect sufficient data of this process. Specifically, ATLAS [7] has reported an upper limit of 11 times the SM expectation using a luminosity of 4.5 fb −1 of pp collisions at √ s = 7 TeV and 20.3 fb −1 at √ s = 8 TeV; CMS [8] reported an upper limit of 9.5 times the SM prediction, with integrated luminosities of 5.0 fb −1 and 19.6 fb −1 at pp collisions of 7 TeV and 8 TeV, respectively. Nevertheless, the future of the detection of h → γZ seems a difficult task according to the future LHC upgrades schedule [25, 26] : at LHC Run 3 with 14 TeV will allow to collect 300 fb −1 of data where the precision on the signal strength is expected to be 145 − 147% at ATLAS and 54 − 57% at CMS, and at Run 6 with 3000 fb −1 the precision is expected to be 62% at ATLAS and 20 − 24% at CMS. Therefore, an accurate value for this decay will be one of the last data obtained by the LHC, but it is possible to predict the behavior of this decay from the process h → γγ in the IDMS 3 due to the correlation of their common parameters, specifically we estimate considering up to ±1σ deviation from the experimental R γγ data, that it is not possible a positive deviation larger than 1.16 times the SM value, nor a suppression beyond 0.96.
The outline of this paper is as follows. In Sec. II we briefly present the model of Ref. [9] . In Sec. III we calculate the decays h → γγ, γZ in terms of the respective widths in the SM. The last section is designed for our conclusions. In the Appendix we present the amplitudes of the two processes and also details about the form factors and their solutions in terms of the Passarino-Veltman scalar functions and their analytical solutions.
II. THE MODEL
In [9] it was presented an extension of the electroweak standard model with three Higgs scalars, all of them transforming as doublets under SU (2) and having Y = +1. Some fields transform under S 3 as a doublet D ≡ 2, and some as a singlet S ≡ 1. The scalar transform under S 3 as
The vacuum alignment is given by H 1 = √ 3v SM , and H 2 , H 3 = 0 is an stable minimum of the potential at least at the tree level.
The most general scalar potential invariant under SU (2) ⊗ U (1) Y ⊗ S 3 symmetry is given by:
where m 
In the lepton and quark sectors all fields transform as singlet under S 3 , implying that they only interact with the singlet S as follows:
* and we have included right-handed neutrinos. For more details see [9] . The new inert scalar interactions with the gauge bosons, that arises from (
The interactions between scalars in the physical basis are obtained from the following Lagrangian
where in particular the terms proportional to λ 5 are the couplings between the SM-Higgs with the charged scalars involved in the h → γγ, γZ decays.
III. RATIOS Rγγ AND RγZ
In this section we are going to study the ratios R γγ and R γZ predicted by the IDMS 3 respect to the SM.
To explore the sensitivity of the processes h → γγ, γZ due to new spin-0 content in the IDMS 3 we have used the experimental data reported by ATLAS and CMS collaborations. As can be seen in the Table I , h → γγ is within 1σ related to the SM prediction, but for h → γZ there is barely an upper limit of one order of magnitude above the SM prediction. For the Higgs decay into two photons see the experimental Ref. [5, 6] , and for a photon and a Z Ref. [7, 8] .
The S 3 symmetry and the vacuum alignment guarantee that the DM candidate does not decay into vector gauge bosons (h As it is known, the Higgs discovery channel is pp → gg → h → γγ, and because of the nature of the IDMS 3 the SM interactions between the Higgs and quarks remain intact, thus there are no novelties in the Higgs fabric side pp → gg → h. On the other hand, new physics effects could come from new spin-0 particles in the Higgs decay process. More specifically, because the cross section for the Higgs production pp → gg → h is the same for the SM and the IDMS 3 , the application of the narrow width approximation (NWA) at the resonant point (when the gluon fusion energy is √ŝ = m h ), allow us to analyze the ratio signals with pure on-shell information
where V ≡ γ, Z. We would like to call attention that in our scenarios the new neutral scalar masses forbid invisible decays of the SM-Higgs, except in the scenario 1a of Table 1 of Ref. [11] in which at the Born level yields Γ(h → h
GeV, which is highly suppressed and does not disturb the total Higgs width, hence Γ
As we have seen, the IDMS 3 gives rise to couplings between the new charged scalars and the SM-Higgs boson, and also with vector gauge bosons, but there are no modifications to the existing SM couplings, therefore for the decays h → γγ, γZ only a new scalar contribution is added to the existing ones.
The participating diagrams in the processes h → γγ, γZ are illustrated in the Fig. 1 in the unitary gauge, where (a) corresponds to fermions, (b) and (c) to W gauge boson, and (d) and (e) to new charged scalars. We have constructed each diagram and performed the loop integrals with the Passarino-Veltman reduction method [28] using the package FeynCalc [29] which provides the results in terms of the scalar functions B 0 and C 0 [30] . We have also calculated their corresponding general analytical solutions, which lead to the known standard notations of Refs. [31] [32] [33] . Particularly here we work with the Djouadi notation [32, 33] for the width decays. In the Appendix we report the amplitudes of the processes and give details of the correspondence between our direct results in terms of the B 0 and C 0 functions and the Djouadi notation.
In the following we present the decay widths showing explicitly only the new spin-0 contribution of the model. The other known spin-1/2 and spin-1 contributions are given in the Appendix.
The Higgs decay into two photons has new spin-0 contribution given by
with the form factors A γγ Spin , where the charged scalar form factor is
The f (τ ) function is presented in the Appendix. The Higgs decay into a photon and a Z has also spin-0 contribution
where
Spin are the form factors, with the new charged scalar contribution
See the Appendix for detailed information about all the form factors, the I 1,2 auxiliary definitions and also the f (τ ) and g(τ ) functions and their relations with the Passarino-Veltman scalar functions.
In the next section we report our phenomenological analysis for h → γγ, γZ. GeV −2 . The four collaborations of LEP [35] and ATLAS [36] have searched for charged scalars, notwithstanding, their lower limits depend on the model which is always the two Higgs doublet model (2HDM). In LEP experiments, the searches include 2HDM of type I and II. Type I is searched in the ATLAS experiment. Both searches depend on the assumed branching ratio of the charged Higgs boson decays. ATLAS, for instance, assume H + → cs = 100%. Summarizing, ATLAS has observed no signal for H + masses between 90 GeV and 150 GeV, and LEP has excluded this sort of scalars with mass below 72.5 GeV for type I scenario and 80 GeV for the type II scenario. However, none of these results apply to our model since the charged scalar are inert and do not couple to fermions. Anyway, we will use 80 GeV for the mass of h + 2 which is in the range of LEP and ATLAS results. For the other charged scalar, h + 3 we will obtain a lower limit for its mass using its contribution to the Z boson invisible decay width, where we have found m h + 3 > 25 GeV, if we consider a 3σ deviation for the invisible decay width in our calculations. These results can be appreciated in Fig. 2 .
We first report the h → γγ channel, and for the experimental comparison we use the data provided by the ATLAS [5] and CMS [6] collaborations, given in Table I . Specifically, we follow the more stringent data which is reported by CMS, we explore its deviations values until ±3σ.
In the Fig. 3 we present R γγ with m h , in Fig. 3(a) we consider λ 5 negative and in Fig. 3(b) positive; in Fig. 3 < m h /2 there is also a compatible positive deviation, but this mass scenario for the charged scalars could not be valid if the experimental values for one charged scalar mass limit from LEP [35] and ATLAS [36] are also valid for an extra charged scalar h > 80 GeV. Considering now R γZ , we have also made an analysis entirely analogous to the two photons case. The available experimental data for the process h → γZ is still very rough, the ATLAS [7] and CMS [8] reports provide so far upper limits of one order of magnitude larger than the SM prediction, see Table I . In Fig. 4 we illustrate the R γZ results, this decay has almost the same shape and behavior than the two photons channel, except that now the signal is more
. This result is congruent because h → γγ has massless particles in the final state while h → γZ produces one heavy particle, therefore it is expected that the latter process be less sensitive to the common parameters. Therefore, in our results, all analysis applied to h → γγ also apply analogously to h → γZ, where the scenario of negative λ 5 and m h + 2,3 > 80 GeV agrees mostly with the more accurate experimental data for the two photons channel.
In order to test strictly our parameters we make a direct comparison of our R γγ with the CMS data, namely, R γγ λ 5 , m h = 320 GeV. Regarding to the channel h → γZ, now we can predict the R γZ behaviour from the R γγ graphs given in the Fig. 5 due to the dependence on common parameters. For this we evaluate in R γZ the set of values which trace the curves for R γγ in the Fig. 5 , and in the Table II we present the predictions for R γZ . We have found that for m h ≥ 160 GeV is R γZ = 1.05, and considering −1σ the supression is 0.96 and for +1σ rises to 1.16. In the Table II we also report m h + 2 = 240 and 400 GeV, despite we do not plot them in the Fig. 5 , but we consider them important for presenting the constant correlated behavior.
IV. CONCLUSIONS
In this work we have considered the SM-like Higgs scalar decaying in γγ and γZ in the context of the IDMS 3 model which has also candidates for DM. Both decays may have ratios R γγ and R γZ that can be enhanced or suppressed compared to the values predicted by the SM. The signal of the λ 5 parameter is the most responsible for this positive or negative deviation, Figs. (3) - (5). The shape and behavior of the curves of the both processes are very similar, and the difference of them is due to the massive particle in the final state of h → γZ channel. Therefore it is expected that the latter process be less sensitive than the two photons channel related to the common parameters λ 5 and m h invisible decay. Thus, our parameters are safe by considering this limit. We would like to stress that in the present model both charged scalars h + 2,3 do not couple to fermions, they are inert, fact that highly simplifies the study of the impact of such new spin-0 content on the h → γγ, γZ processes. Due that they do not couple with fermions the lower limit obtained by LEP and LHC does not apply in this case. However, for at least one scalar, we use m h + 2 > 80 GeV from ATLAS [36] . Following the results from CMS [6] for R γγ , we have explored the scenarios for the parameters λ 5 , m h Regarding the signal of the λ 5 parameter, we would like to call the attention to a similar analysis that had been done in the context of a general three Higgs doublets with S 3 symmetry, but without inert doublets, in Ref. [24] . In that case, both decays only have suppressions compared to the SM value: R γγ ∈ [0.42, 0.80] and R γZ ∈ [0.73, 0.93]. The difference between the analysis presented here and the one of Ref. [24] is that in our case the µ 2 d parameter does not contribute to the spontaneous symmetry breaking. In our analysis, the masses of the scalars are not limited by v 2 SM and by λ's of the scalar potentials, this allow positive and negative values for λ 5 , whereas in [24] the respective parameter is always negative, see their Eq. (46). Our analysis is congruent with theirs when our λ 5 is positive. An earlier analysis, also about the parameter space of both ratios in the IDM model, can be found in [22] .
In our IDMS 3 a constant correlation occurs between the two processes when considering the scenario m h
≥ 80 GeV and −0.6 ≤ λ 5 ≤ 0.6 , this fact enable us to predict R γZ from a given R γγ . Therefore, the comparison of our R γγ with the R CMS γγ = 1.14 +0.26 −0.23 allow us to make such predictions, they are given in the ≥ 80 GeV if consider +1σ the ratio reaches 1.16, while for −1σ yields 0.96. This kind of behavior has been observed in other multi-Higgs models which include real [37] or complex [38] triplets, so this seems to be a general feature of multi-Higgs models.
Otherwise, the experimental reports on the h → γZ decay will continue offering upper limits of one order of magnitude greater than the SM prediction, as commented in the Introduction, and it is expected that at LHC Run 6 [25, 26] it reaches a luminosity of 3000 fb −1 of pp collisions and then could measure this mode with a precision of 54 − 57% at ATLAS and of 20 − 24% at CMS. What if an important increment is detected in the future reports? One possible answer to this question could be that maybe this is due to new physics effects that possible require a different coupling of the new particle with the Z boson. For sure it will be an invitation to revisit the status of the SM. In the SM, the decay h → γZ is essentially due to the virtual W gauge boson contribution, and the destructive interference caused by the top quark is not very significant, therefore the search of a deviation in this process is unlikely due to a possible correction in the Zff vertices, besides the decay Z → ff is well known. Here we present explicitly the form factors A Spin [32, 33] , given in Eqs. (13) and (15), in terms of the B 0 and C 0 Passarino-Veltman scalar functions [30] . We have constructed and solved each loop diagram with the PassarinoVeltman reduction method [28] using FeynCalc [29] , and also obtained the corresponding analytical solutions for the B 0 and C 0 scalar integrals via the Feynman parametrization method and dimensional regularization scheme [28, [39] [40] [41] . The solutions have been verified numerically using LoopTools [42] . We have refrain from showing the construction of the loop integrals of the processes because they are frequently presented in the literature, instead we write down in detail the final result of the tensorial amplitudes, since they are usually omitted in terms of the Passarino-Veltman functions and even more unknown are their general analytical solutions which we found more practical for numerical evaluation, that is, without the need of splitting them in cases.
The one-loop decay h → γγ is a low order process, therefore it is UV finite as there is no tree-level hγγ coupling in the lagrangian, since the SM is a renormalizable theory hence counterterms hγγ can not be present. Same argument applies to h → γZ on the absence of hγZ interaction.
For the h → γγ decay, with configuration h(p 3 ) → γ µ1 (p 1 )γ µ2 (p 2 ), the amplitude is
with kinematics
h /2, and transversality conditions
where τ X ≡ m 
The three-point Passarino-Veltman scalar function is
For the h → γZ decay, with configuration h(p 3 ) → γ µ1 (p 1 )Z µ2 (p 2 ), the amplitude is
, and transversality conditions
where 
and the auxiliary functions
The LoopTools program evaluates any B 0 without the ∆ + log µ 2 term by default because in any UV-finite process such terms must vanish, e.g. Eq. (A17).
Finally, the last three-point scalar function is
where C mass. Imposing the error of the current value for the invisible decay as the allowed limit for the decay width, we a obtain a lower limit for the charged mass of 25 GeV. [6] around the central value considering σ deviations, within −0.6 ≤ λ 5 ≤ 0.6, m h 
